
Lock Acquisition

' What is it? What is it required to do?
Control the randorn rnotion of the six test rnasses, bringing the relative
displacements of the test masses into integer rnultiples of the source frequency,
within a short tirne, and within the limits of the actuators and sensors available,
without exciting long time-scale degrees of freedom ,and then hold these lengths
stably against noise until the detection neode controls can be switched in"

o How does one go about this?
Lock acquisition is prirnarily concerned with longitudinat degrees of freedom;
akgnrnent degrees primarily only affiect the overall gain of the plant (power lost
into higher rnodes doesn't change the transfer function of the TEM00 plant,
except fior overall gain).

As a ntodification of the steady-state detection rnode plant and controller, one ca.n
study the behavior of the plant in the acquisition states and design contnollers
accondingly.

. How does one study the plant and transitions?
t t 

=tolrunur*r 
functions iof the ptant onty!)

- Time evolution

o One True Path to Lock Acquisition



Desig n Considerations/

Acquisition time

Plant changes with state transitions

Stability

Ground motion

Sens orl actuator I im its

lnternal TM resonances

Similarity to detection mode controls



Acqm*dtionTnre

. L- threshold vefocity of l0lambd#s achiewd
r l- threshold velscrty of 0.5 lambd#s achiwed
r MTTL of seconds irnplied and simulated
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State Equationr {cont}
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f":91 Hz cavity pole, all states

.f"c :91, 46, 1.L6 Hz double cavity pole

lr:9L,46, 6.0 IIz refleetion sero

fp:9L, 46, -0.74 Hz negative recycling cavity zero
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State Tbansitions
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State Tbansitions
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d0.97: 0.985 reflectivity
I
It'7 r/to r ro-u absorption loss
Lr {1- - rz - P - J0.0zg9T : 0.tZB transmrsslon

Recycli,ng M,irror

{nput Test Mass

Und, Test Mass

Beam Spli,tter

Mi,sc.

at

rAB
t/fs x 10-6 :0.m8660

f-=

V300 x 10-o
absorption loss

AR loss
I
,Ji /0.03 :0.173 Iransmrssron
Ti t/t - tz - 12 :0.970 : 0.985 reflectivity

oe {to x 10-6 - 0.008162 tr€tnsmrsslon
I' p, t/rox10-6-0.00886r loss
,e 0.99996 reflectivity

lb,

rAR
r/go r ro-0 absorption loss

AR loss
Tbs \/1/2 reflectivity
tht t/7 - rz - 12 :0.4997 :8.707 transmissi,on

Ioro* 0.23 m Schnupp asymmetry
t, 9.38 nt recycling cavity ay€rage length

am 2n (23.97) MHz modulation frequency
.\ 1.064 pm laser wavelength

carrier reflectivity of FP cavity
sideband reflectivity of FF cavity

-Perot cavity pole

1 2 o rla

9cr 0.0872 0.173 t/46 :6.74 recycling carrier gain
9sb t/LT : 4.735 recycling sideband gam
rI 0.99996 0.005 *0.98984 reflected Thevenin equivalent
T2 0.002 -0.0017 -6.74 carrier field at PO2
TJ 0.001 -0.061 -4.77 ca.rrier field at POB
TP 0.r2 0.r22 4.76 carrier field reflected from ITfuI
Tcr 1.000 0.958 -0.1971 reflected carrier field
Tsb 0.30128 reflected sideband field
+ucr 0 fields transmitted to asymmetric port
t,sb 4.94452 fields transmitted to asymmetric port
JCC JC

f/,.tct a 1.16 Hz double cavity pole (recycing + FP)
.l r JC l"/2 6.0 Hz reflection zero
.tD f" f"/2 -A.74 Hz recycling cm,ity zero

Table 1: Interferometer parameters.
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Laser Frequency Open Loop Gain
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L- Open Loop Gain
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Interfenometer States
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Triggers and controller switching

State 'Ilansition
1 r')

2*+3

3 -+ 4 (acq)

4 (acq) -+ 4 (det)

iable L: Transition l,hrough thc acquisition stalcs, showing t,riggers and corrtrollcr enabling. c
l.iarrier. sir - sideband. br - transrnitted, a - asyrnmetric port, r - reflected port.

State 2 acquired, enable I
l]; > 0.15 W Statc 3 acquired, -"30 dB t- * l_ actuator sign

enable .t-
Ph < 5.25 k P'i < 0.15 W

k Pf,, > 0.305 w switch to detection mode



Gain (dB) Phase (des.)
40 @ 380 Hz @ I2Hz 80 @ L35 Hz 26 @ 380 Hz

5;"7 -+ I @ I.I2 kHz 80 @ 135 Hz @ \.72 kHz @ 2I0 Hz @ 7.77 kHz
Sp1 -+ La 81 @ l4kHz 116 @ 1Hz 53

24
Sp1 -+ u

Table 1: Gain and phase margins of controllers
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Results and Refinements

r Designed a stable, robust lock acquisition
system requiring minimal switching, with
predicted short MTTL.

o Better understanding of plant in divers states.
o Frequency crossovers in L+, frequency loops to

MC, PSL, IFO
r Simplify controllers further to minimize

switching between acquisition and detection
modes

o Evolve SMAC as diagnostic tool for LIGO turn-
on

I Use STM code to further study alignment
effects

o Study transitions between states (short time
scale effects), improve triggering

o lmplement LA in digital/analog control system
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